Abstract

23
The food industry is moving towards the use of natural sweeteners such as those produced by 24 Stevia rebaudiana due to the number of health and safety concerns surrounding artificial 25 sweeteners. Despite the fact that these sweeteners are natural; they cannot be assumed safe.
26
Steviol glycosides have a steroidal structure and therefore may have the potential to act as an 27 endocrine disruptor in the body. Reporter gene assays (RGAs), H295R steroidogenesis assay seen following treatment with 25,000 ng/ml steviol in the presence of progesterone (157 32 ng/ml) resulting in a 31% decrease in progestagen response (p= <0.01). At the level of 33 steroidogenesis, the metabolite steviol (500-25,000 ng/ml) increased progesterone production 34 significantly by 2.3 fold when exposed to 10,000 ng/ml (p= <0.05) and 5 fold when exposed 35 to 25,000 ng/ml (p=<0.001). Additionally, steviol was found to induce an agonistic response 36 on CatSper, a progesterone receptor of sperm, causing a rapid influx of Ca 2+ . The response
Introduction
46
Steviol glycosides are high intensity sweeteners that can be isolated and purified from the dry leaf weight (Soejarto, et al., 1982) .
51
The increasing prevalence of diabetes and obesity worldwide, in conjunction with a growing 52 concern over the safety of chemical sweeteners such as aspartame has led to a growing equivalents within a range of 20,000 up to 3,300,000 ng/ml abundantly present in foods 60 (Table 1) . with 4 x 10 5 cells/ml of the appropriate cell line. After 24 h stevioside and steviol (500, 1,000, 159 5,000, 10,000 and 25,000 ng/ml) and rebaudioside A (5,000, 10,000, 25,000, 50,000 and 160 100,000 ng/ml) were added to the cells at a final DMSO concentration of 0.1%. Test incubated for a further 10 min with agitation at 37°C to dissolve the formazan crystals.
167
Optical density was measured using a Sunrise spectrophotometer at 570 nm with a reference 
AlamarBlue® assay
172
The viability of the H295R cells was determined using the AlamarBlue® assay. After the 
Reporter gene assays (RGAs)
180
The RGA procedure has previously been described by Frizzell et al., (2011) . Briefly, cells
181
were seeded at a concentration of 4 × 10 5 cells/ml, 100 ml/well in specialised white walled,
182
clear and flat bottomed 96-well plates (Greiner Bio-One, Fricken-hausen, Germany). After 183 24 h, stevioside, steviol (500, 1,000, 5,000, 10,000 and 25,000 ng/ml), rebaudioside A (5,000, 184 10,000, 25,000, 50,000 and 100,000 ng/ml) and the steroid hormone standards were added to 
Hormone detection and quantification
214
Frozen media was thawed prior to analysis. Oestradiol, testosterone and progesterone levels Samples of human semen were obtained from healthy volunteers with their prior consent.
230
Sperm were prepared as described (Schiffer et.al., 2014 with 3 mg/ml serum albumin at 37 °C in a 10% CO2 atmosphere.
236
Changes in intracellular Ca 2+ concentration in human sperm were measured in 384 multi-well 237 plates in a fluorescence plate reader (Fluostar Omega, BMG Labtech, Germany) at 30 °C.
238
Sperm were loaded with the fluorescent Ca 2+ indicator Fluo-4 (10 μM) for 45 min at 37 °C.
239
After incubation, excess dye was removed by centrifugation (700 x g, 10 min, RT). The 
Cell viability and cytotoxicity
263
Stevioside (500-25,000 ng/ml), steviol (500-25,000 ng/ml) and rebaudioside A (5000-264 100,000 ng/ml) were assessed for cytotoxicity by the MTT assay in the MMV-Luc (oestrogen 265 responsive), TM-Luc (progestagen responsive), TARM-Luc (androgen and progestagen 266 responsive) and TGRM-Luc (glucocorticoid and progestagen responsive) cell lines (Fig.2) . Cytotoxicity was observed at the higher concentrations of stevioside in the TARM-Luc
268
(25,000 ng/ml p ≤ 0.001), TM-Luc (5,000, 10,000, and 25,000 ng/ml, P ≤ 0.001) and TGRM-
269
Luc (10,000 and 25,000 ng/ml, P ≤ 0.001) RGA cell lines.
270
Steviol (500-25,000 ng/ml) was assessed for cytotoxicity in the H295R cell line by the in progesterone response at the highest concentration of 25,000 ng/ml (P ≤ 0.05) (Fig.3) . At 294 this concentration of steviol, no reduction in cell viability was observed in the MTT assay.
MMV-Luc cell line is specific for the detection of oestrogens, TARM-Luc for androgens and
295
Although there was a trend in reduction of glucocorticoid transcriptional activity at 25,000 296 ng/ml steviol, this reduction was not significant (P ≥ 0.05). 
Responses measured are compared to the relative positive control (157 ng/ml progesterone).
306
Response is expressed as the percentage response ± SD for three independent exposures in 307 triplicate (n = 3). P = ≤0.01 (**) 308
Hormone production results
309
Steviol did not induce significant changes in the production of oestradiol and testosterone
310
(data not shown). However, progesterone production increased significantly by 2.3 fold when 311 exposed to 10,000 ng/ml (P = <0.05) and 5 fold when exposed to 25,000 ng/ml (P =<0.001) 312 (Fig.4) . 
Effects on progesterone receptor of sperm, CatSper
326
Steviol was found to induce Ca 2+ signals in human sperm cells (n=5) (Fig. 5a ). The induced 327 response was found to be inhibited 98.65±1.91% by the specific CatSper inhibitor 328 MDL12330A (n=3) (Fig. 5b) . Analysis of the dose-response relation yielded an EC50 of 329 10.82±1.06 µM/3,446.17±337,61 ng/ml (n=4) (Fig. 5c-d CatSper, was investigated.
376
Cell viability assays are useful controls to ensure that the effects seen in the mechanistic 377 studies are not a result of decreasing cell viability. Cytotoxicity was observed with the higher 378 concentrations of stevioside in the TARM-Luc (25,000 ng/ml), TM-Luc (5,000, 10,000, and 379 25,000 ng/ml) and TGRM-Luc (10,000 and 25,000 ng/ml) responsive RGA cell lines.
380
Interestingly the MMV-Luc cell line did not appear to be affected by concentrations up to 381 25,000 ng/ml. This observed difference may be due to the fact that the parent cell line of the 
393
from the trypan blue test in this study showed that there was some cytotoxic activity 394 occurring even at the lowest concentration tested 796 ng/ml. However, the differences in 395 findings could be due to the fact that in the trypan blue test, cell membrane integrity is 396 measured rather than mitochondrial membrane integrity as measured by the MTT assay. Also 397 in the MTT test, stevioside was exposed to the MCF-7 cells for a period of 72 h as opposed to 398 48 h in the current study.
399
Reporter gene assays provide specific and biologically relevant ways to screen substances for common toxicological target organ in the endocrine system (Harvey et al., 2007) . In the 418 current study the H295R model was utilised to investigate the effects of steviol on 419 steroidogenesis. It was observed that steviol had no effect on oestradiol or testosterone 420 production; however, at 10,000 ng/ml and 25,000 ng/ml, significant increases in the 
